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The Hall-Scott A-5 Airplane Engine 

SIX CYLINDERS 125 HORSE POWER 


Hall-Scott “Big Six” Airplane Engines are to be found in active service in every part 
of the world today. 

Since the declaration of war in 191*1*. hundreds of these engines have been built for 
numerous foreign governments — the largest order being 300 for Russia. 

The exclusive Hall-Scott feature of interchangeability of parts is standard in this A-5 
Equipment. The cvlinder assembly is interchangeable with the parts of the Hall- 
Scott 1. 8 and 12 cylinder engines. Recent development in airplane engines has 
fully demonstrated the practicability of this construction. 

While the Hall-Scott Motor Car Company is devoting its entire energies to the con- 
struction of airplane engines of l . S. Government orders, a few of these Type A-5 

Descriptive catalog on request. 

Hall-Scott Motor Car Company 

CROCKER BUILDING, SAN FRANCISCO, CALIFORNIA 
Eastern Representative 

F. P. Whitakeh, 165 Broadway, New York City 
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CONTRACTORS TO 
The United States Army and Navy 
The British Admiralty 
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THE BURGESS COMPANY 

MARBLEHEAD, MASS. 


Sole Licensees for the United States for the Dunne Patents 
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"1ITE manufacture the following parts for 
** airplanes: 

All standard types of Turnbuckles 
Tie Rods and Clevises 
Thimbles Bolts 

And Clevis Pins 


The Dayton Metal Products Company 

DAYTON, OHIO, U. S. A. 
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Messrs. 

Walker M. Levett Co., 

Dear Sirs: 

... I have had the greatest satisfaction from 
some of your pistons as fitted now by the Daimler 
Co. to their '■Tank” engine 

C.'.POLE WEDMORE. Engineer 

Walker M. Levett 

4.17-21 East 23* St. 

The pioneer aluminum alloy piston manufacturer 
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“ during 1914, 1915, 1916 

and 1917 we have replaced 
cylinders, pistons, piston- 
pins, connecting rods and 
all other parts of motors, 
but we have never replaced 
a part where Non-Gran 
formed the main surface of 
wear.” r 

1 H I S statement of fact, taken from a 
letter written in the interest of what 
proved to be the most thorough investiga- 

this Country, was made over the signa- 
ture of one of the largest makers of fine 
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American Bronze Corporation 

Berwyn Pennsylvania 
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Our engineering department 
is at your service 


Livingston 

Aeronautical 

Radiators 


We manufacture radiators for 
all types of aeroplanes 


LIVINGSTON RADIATOR &- 
MFG. CO. 


75th Street and Amsterdam Ave. 
New York City 
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■DUPONT AMERICAN INDUSTRIES 

<atrppwt> 

CHEMICAL PRODUCTS 

For Factory and Laboratory 

Du Pont chemicals and cheniical products are known Nation- 
wide for their dependability. The first essential in chemical manu- 
facture is to understand the uses to which a chemical is to be put. 
The next step is to produce the best possible chemical for the pur- 
pose. On this concrete formula rests the success of the Du Pont 
Line. 



We Aim to Serve 

our customers intelligently by thor- 
oughly understanding their needs. For 
this purpose we maintain a staff of ex- 
perts who are at the disposal of our 
trade, present or prospective, in solving 
any problems connected with the use 
of our materials. 

We Maintain Quality 

by expert supervision, complete laboratory 
control over factory operations, perfection in 
technical skill, the best in raw materials and 
ample factory facilities. 

The amalgamation of Du Pont and Har- 
rison interests enables us to assure maximum 
satisfaction, both in product and service, to 
those manufacturers and other users of chem- 
icals whose requirements are dependability, 
responsibility, and adequate supply. 

We Invite Correspondence 

from manufacturers, engineers and those re- 
quiring chemicals and mixtures for specific 
purposes. Check the coupon and mail it. We 
will be glad to send full information. 

Du Pont Chemical Works 

Equitable Bldg., NEW YORK 


Owned and operated by 
E. I. du Pont de Nemours & Co. 
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COMPLETE 

Engineering and Construction 

SERVICE 


This Corporation offers an exceptionally 
complete and comprehensive service in the 
designing, engineering and construction of 
manufacturing and industrial plants. 

Our Organization is composed of experts 
of broad experience in industrial development 
work throughout the entire world. Our Con- 
struction Department is at present engaged on 
the construction of the Langley field and other 
aviation fields for the United States Govern- 
ment, and we are in position to offer clients a 
prompt and efficient service in the execution 
of any type of work involved in the engineer- 
ing and construction of aviation fields or air- 
plane factories. 

We are also prepared to make expert inves- 
tigations and reports on going factories, with 
recommendations concerning possible im- 
provements or extensions to increase operat- 
ing efficiency. 

We solicit inquiries on engineering or con- 
struction problems. 

THE J. G. WHITE ENGINEERING CORPORATION 

43 Exchange Place, New York 


LONDON 


CHICAGO 
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NEW 

ENDURANCE RECORD 


Established by 

Union Airplane Motor 
at U. S. Aeronautical 
Testing Laboratory, 
Navy Yard, LU ashing- 
ton, D. C. 

Best previous record ex- 
ceeded by fifty per cent. 


UNION GAS ENGINE COMPANY 

ESTABLISHED 1885 

OAKLAND - - - CALIFORNIA 
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CRANKSHAFT 

QUALITY 


Stands out as the one 
requirement today of 
the builder of 


AIRCRAFT and 
HIGH DUTY 
ENGINES 

Experience only can 
produce a product to 
equal these demands. 


Wyman-Gordon 
Company for many 
years, in their Re- 
search, as well as 
their Manufacturing 
Departments, have 
been developing 
along the lines that 
make them today 
able, without experi- 
ment, to supply 
crankshafts of 


UNQUESTIONED 

RELIABILITY 

Every stage in the 
production of a Wy- 
man-Gordon crank- 
shaft is subjected to 
rigid inspection and 
tests guaran teeing a 
high metallurgical 
quality. 


Careful attention to 
all orders; deliveries 
without delay 


WYMAN-GORDON COMPANY 

WORCESTER, MASS. 
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An Announcement of Interest to Aviators 

NEW SPERRY INSTRUMENTS 

Air Speed Indicator — 

Records Air Speed and True Buoyancy 

Altimeter — 

Records Altitude from the Earth 

Rate of Climb Indicator — 

Records Rate of Ascent or Descent 


Every aviator needs them — Are they on your Machine? 


THE SPERRY GYROSCOPE COMPANY 
Manhattan Bridge Plaza 
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Now I lay me down to sleep 
I pray the Lord my soul to keep.' 
God bless my brother gone to jwar 
_ Across the seas, in France, so far. 
Oh, may his fight for Liberty, 
Save millions more than little me 
From cruel fates or ruthless blast,- 
And bring him safely home at last. 


BUY WAR SAVINGS STAMPS 

lIrtiss Aeroplane? and Motor Corporation 
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The Wind Channel: Its Design and Use 

By J. A. Parnell, A.F.Ae.S. 


In order that certain conditions essentia] for accurate work- 
ing shall be fulfilled, it is necessary that the erection of the 
balance be carried out with considerable care. The methods 
which are used for this purpose and to check the accuracy 
of workmanship will now be described. 

V crtical Axis of Rotation in Moment M easurcmcnls 

When the balance is arranged for the measurement oi 
moments about a vertical axis the strut which prevents motion 
about this axis when lift and drag are being measured is 
removed, and the lower extremity of the balance engages a 
center, the position of which, in conjunction with the main 
supporting point of the balance, fixes the axis of rotation. 
The position of this lower center is adjusted till the axis of 
the balance is vertical, when hanging weights on the lift and 
drag beams produce no moment about the axis of rotation. 
The sensitivity of the moments measuring apparatus renders 
the method easily accurate to an inclination of the axis of 
0.005 deg. The axis of rotation in the N.P.L. channels is 
vertical to an accuracy of about 0.03 deg. The clamp which 
locks the balance should be arranged to hold it in approxi- 
mately the same position when the lower center is not in use. 

Position of Axis o) Rotation of Upper Part of Balance 

It is a matter of considerable convenience in measurements 
of moment about a vertical axis if the axis of rotation in 
changing the angle of incidence of the model coincides with 
that about which moments are measured. The relative posi- 
tions of these two axes can be determined by fixing a point to 
the upper portion of the balance, adjusting it to lie in the 
axis of rotation of the upper portion, and then hanging from 
it a weight. If the balance remains in equilibrium when 
supported on a single point, the axis under examination is 
vertical, and therefore in coincidence with that about which 
moments are measured. If the balance turns under the 
weight, it must be returned to its zero position by changing 
the weights on the lift and drag beams and the process repeated 
■with the point at a new height in the channel. Readings of 
the beams in the two eases enable the position of the axis to 
be determined. 

The N.P.L. balances have been adjusted till the deviation 
at the center of the channel does not exceed 0.01 in. 

Angle Between the Lift and Drag Beams 

The ratio of the lift to drag in the test of an aerofoil is 
usually of the order of 17 as a maximum, and a very small 
error in setting the lift and drag beams at right angles may 
introduce a serious error in the measurement of drag. It lias 
been shown! that in order to avoid errors in the drag measure- 
ment exceeding 1 per cent when the ratio of lift to drag is 
15, it is necessary that the angle between the beams shall be 
90 deg. to an accuracy of + 0.05 deg. If the linear distances 
between the scale pan centers and the point of the balance 
can be accurately determined, the most direct method of 
measuring this angle is to compare the sum of the squares 
of these lengths with the square of the distance between the 
two scale pan centers. It was inconvenient to measure directly 
the lengths of the beams, and a temporary weighing arm wit; 
fixed to the upper part of the balance for the purpose. This 
was set in turn parallel to the lift and drag beams and a 
weight of 1 lb. moved through an accurately measured length. 
The moment thus caused was measured on the beams and the 
distance of each scale pan from the point of support of the 
balance deduced. The method of calculating the angle, referred 
to above, can now be applied. The angle between the beams 
in each of the N.P.L. balances is 90 deg. with an error not 
exceeding 0.02 deg. The error in the drag measurement will 
not exceed % per cent due to this cause, and will usually be 
much less. 

• See Report Advisory Committee tor Aeronautics, 1912-13. p. 30. 


Determination of Hind Direction and Its Relation to the Position 

The accuracy with which it is necessary to set tile beam! 
along and across the wind direction is the same as that with 
which the angle between the beams is required to lie a right 

to include a component ol the lift in the drag measurement 

The wind direction has been found to be parallel to tie 
walls of the channel to an accuracy of 0.1 deg., but it is deter- 
mined by the experiment which gives the angle between it 
and the drag beam. 

The method which lias been used for this determination b 
to mount an aerofoil in the balance, with its span vertical, 
and measure the lift and drag over the usual range of angle. 
The model is llien rotated through 180 deg. about the wind 
direction (thus reversing the direction of the lift) and a 
second set of measurements taken. The mean of the two sets 
gives the true value of the faces, and their difference enables 
the errors of wind direction and balance setting to be deter- 

An actual set of observations which was obtained in cali- 
brating Of the channels now' follows. The two lift curves 
differed by an angle of 0.2 deg., the datum line to which the 
aerofoil was set being half this amount in error from the true 
wind direction. The drag curves, however, could not be made 
to agree by movement of one of them along the abscissa; 
the difference being due to the drag beam not being set along 
the wind direction. As would be expected, since the difference 
in the drag curves was due to a component of the lift, the 
two drag curves crossed at the angle of zero lift. The angle 
error can be estimated by moving one curve along the angle 
base by the amount indicated by the lift curves (0.2 deg.) and 
reading off the drag from each curve at several angles. If L 
is the lift at any angle and a tile angle between the beam and 
the wind direction, then half the difference is equal to L sin a. 
and a can be deduced. In this case a. was equal to 0.16 deg. 
The balance was turned through this angle by adjusting the 
length of the “ torque stop,” and the experiments repeated, 
using the wind direction indicated by the lift curves. The 
forces should now be in agreement for the two presentations 
of the model. 

Measurement o/ Wind Velocity 

A pitot and static pressure tube of the type used by Dr. 
Stanton was adopted for measurement of wind velocity. The 
head in use at the present time is the same in principle, but 
has been arranged somewhat differently for convenience. This 
type of head has been tested on the whirling arm at the 
Laboratory,! and the difference of pressure was found to be 
YzK V 3 , while that in the static pressure tube was equal to the 
pressure of the undisturbed air in the building. The ac- 
curacy was limited by that of the test, whieli was of the order 
of 0.1 per cent on the velocity. 

It was at first hoped to measure the velocity iu the channel 
during a test by mounting this head some 3 ft. (100 diameters 
of the vertical tube of the head) upstream of the model. This 
plan was abandoned, as it was found that there was a region 
in the neighborhood of the balance about lVa in. wide in which 
the velocity was 10 per cent below the mean. The alternative 
method which was adopted consisted in measuring the pressure 
difference between a hole in the side of the channel and the free 
air in the room. In order that the pressure in this hole may 
not be changed by the presence of the model, it should be 
located sufficiently far upwind of the balance to be in front of 
the model. The pressure difference is greater than on 

account of the pressure drop in passing the honeycomb and 
early part of the channel. The pressure difference, however, 
varies, as F" and the channel is readily calibrated by placing 
the standard anemometer over the balance. This calibration 

: " Engineering," Sent. 12. 1913. 
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can be made with an accuracy of about 1 per eent on !’*, 
and should be repeated at stated intervals. The pressure differ- 
ence is measured on a Mattock tilting manometer, which has 
been fully described elsewhere.* 

The Mattock manometer is in general use at the N.P.L., 
but it suffers from one defect which is not present with tbe 
inclined tube type of gage. It is necessary that the Mattock 
manometer shall have continuous attention during tbe time it 
is in use. and in the case of a failure of the electric supply 
the observer can seldom shut the tap before the surface is 
ruptured. It is then usually several minutes before the gage 
can be used again, and it is liable to change of zero for a 
longer period. 

Experiments have been carried out at Massachusetts Insti- 
tute of Teeliuology r , D. S. A., with the 11 Krell ” type of 
inclined tube manometer, t and the conclusion arrived at was 
that if properly constructed and used the gage could be 
regarded as au instrument of precision suitable for wind 
channel work. It requires calibration, and may be compared 
with a Maltoek manometer which is an absolute standard. 
The inclined tube gage appears to be sufficiently accurate for 
use on a channel where tbe fluctuations usually limit the 
accuracy attainable. It cannot be too strongly stated that a 
steady electrical supply is a matter of tbe highest importance 
if accurate results are required. In the writer’s opinion there 
is no doubt whatever that, with channels of the type in use at 
the N. P. L. and with the usual conditions of electrical supply, 
the accuracy of the observations depends entirely on the steadi- 
ness of the wind speed. If a channel which normally works 
on the ordinary supply circuits is connected to a storage 
battery, the improvement in the accuracy of the experiments 
ami the reduction in the time taken is most marked. If a 
storage battery cannot be provided, a Tirrell regulator makes 
a fairly efficient substitute. The author has had no experience 
of automatic speed regulators; the only one of which he has 
seen a description (in use on the channel at Gottingen) is 
operated by the pressure difference on either side of the fan. 
In order to avoid “hunting,” it appears that it would be 
preferable to adopt a device (possibly operated by centrifugal 
force) which would regulate directly on the speed of the 
airscrew, since the variations here are presumably the source 
of speed variations in the channel. 


Comparison of the Channels 

The differences between the 3-ft., No. 1 4-ft ., and No. 2 4-ft. 
channels are small, and confined to improvements in the con- 
venience of working in favor of the latter. The woodwork 
of the two 4-ft. channels is the same, and though no com- 
parative measurements of steadiness have been made, there 
appears to be little to choose between the two. The maximum 
speed of the No. 2 4-ft. is 80 ft. per see., while that of the 
No. 1 4-ft. is 50 ft. per sec. 

Tlic No. 2 7-ft. channel is not an exact copy of the No. 1. 
The buildings in which they are housed are of approximately 
the same size, but as the newer channel is supported on steel 
frames instead of concrete columns, the obstruction to the flow 
of air returning to the intake of the channel is appreoiably 

The overall dimension is 8fi ft. in each case, but the two 
channels differ in the manner shown in the following table of 
approximate values: 




The No. 2 7-ft. channel has been found to be less steady than 
the No. 1 7-ft., in spite of tbe increased area available for the 
returning air. The difference is possibly due to the increase 
in the pitch of the propeller, and possible also to the reduced 
length of the distributor. 

A few particulars of the cost of erecting the wind channels 
may be of interest. The figures given were estimated to cover 
replacement under present conditions in tbe event of loss by 
fire, and are based on the actual cost of erection under the 
supervision of H. M. Ofliee of Works: 



We may now pass to the consideration of the methods which 
arc used for supporting models in the channel. 


There is perhaps no more difficult part of an investigation 
into tbe wind forces acting on a model than that which is 
concerned with tbe increase of resistance due to the supports. 
The difficulty depends to a large extent on the kind of model 
which is under test. If the resistance of a sphere, or a square 
plate in normal presentation, was being investigated, it is 
unlikely that any appreciable error would be introduced by 
the assumption that the correction to be applied is given by 
a measurement of the resistance of tbe supports in the ab- 
sence of tbe model. In tbe measurement of the resistance of 
a “ streamline ” body, however, an entirely different state of 
affairs exists. The resistance of an airship model 6 ft. long 
and 0.5 ft. in diameter is in some cases only about l/100th 
of that of a square plate whose area is equal to that of the 
maximum cross-section of the airship model. Even though 
such a model is supported on a spindle about 0.3 in. in 
diameter, an error amounting in some cases to as much as 20 
per cent of the model resistance would be introduced if this 
method of measuring spindle resistance were adopted. In the 
test of some models several alternative methods of test are 
available. Thus in experiments on aerofoils the method which 
is usually adopted is to mount the model with its span 
vertical, on a spindle screwed into its end.* An alternative 
method (which was adopted by Eiffel) is to support the 
model with its span horizontal on a spindle screwed into, 
for instance, its under surface, the spindle being constructed 
ill such a manner that the angle of incidence of tbe aerofoil 
ran be varied. In this case t lie support can be made of 
" fan ” form, while in the former one it turns with the model, 
and is therefore circular. If a low-resistance aerofoil whose 
span is 18 in. and chord 3 in. is under test, tbe relative values 
of the spindle resistance in the two cases of span vertical and 
the span horizontal are about 60 per eent and 110 per cent of 
the minimum drag. These high values are caused by the 
length of spindle which must lie exposed in order that the 
presence of the guard may not interfere with the flow round 
the model. It is therefore seen that tbe resistance of the 
spindle is nearly doubled when the span of the model is 
horizontal and though this is bad enough it does not constitute 
the most serious objection to the method. The method of 
evaluating the resistance of spindles have recently received a 
good deal of attention, and it has been shown that while, in 
the ease of the spindle in the end of the model, the increase in 
resistance is not very different from that of the resistance of 
the actual spindle, there is much “ interference " between the 
model and the spindle when the latter is attached to the under 
surface of the aerofoil. 

It is therefore desirable, whenever possible, to test aerofoils 
with spindles in their ends: in cases (such as experiments on 
wing tips) where this cannot be done, great care must, be taken 
in the determination of the resistance due to tile support. 

Stability 

The question of stability of aircraft lias been examined 
mathematically in considerable detail, the methods of develop- 
ing the equations being laid down in Bryan’s “ Stability m 
Aviation.” These methods have been developed by Bairstow, 
w-ith the assistance of various members of the aeronautical 


• Report Advisory Committee for Aeronautics, 1912-13, p. 77. 


160 


AVIATION 


AVIATION 


gated for the case of an airship in 1916. 

It is proposed to examine the methods which have been 
employed in measuring in the wind channel the various 
forces, moments, and damping co-efficients for models of 
actual machines. For the purpose of stability calculation the 
axes are supposed to be fixed in the machine, and the nomen- 
clature which has been adopted at the laboratory is as follows: 
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that of flight, oy t 
upwards. Forces a 
directions of the axes, 'angles and i 
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to ox. Angular velocities about the axes ox, oy 02 ■, 
e, dcd by p, , g, r, and linear velocities along’ then] 
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the positive directions of 
machine is in rectilinear 
--- the direction opposite to 
the left (i.e. to port), and 02 vertically 
positive when acting along the positive 

are positive when 

oy, oy to 02, or 02 

, .- of change of one quantii 

ot which it is a function is represen 
by writing the symbol for the latter 10 

former. Thus the change of pitching moment dui 
is represented on the system of axes chosen b 
writer’s experience has shown it to be desirable.' 
are to be avoided, that a system of axes, such as me one 
quoted, should be adopted for all wind channel work, and 
rigidly adhered to. The angle scale on the balance should be 
numbered in such a manner that rotation from X to Y in- 
creases the reading; the micrometer screw of the main mo- 
ments apparatus should be graduated so that a moment 
^ , n °L t m dS m tUrn "' P ' n0 1 del frnnl x '« (rives a reading 
greater than the zero. If the angle of pitch of a model is to 
be changed by rotation about a vertical axis, it should be 
mounted if possible with its under surface facing along the 
axis ot I. Forces, angles, and moments will now have their 
correct signs, except for normal force, for which 
must be reversed. Care must be taken to correct 
if the model is mounted in the reverse way. as i 
model'" detorminin S yawing moments on an unsymmci rival 
Stability— -~We may now consider the determination of the 
quantities which must he known in order that the eriteria of 
stability of a machine may be calculated. The first operation 
" j h , e , to r ? onnt 'be model in the channel in the usual wav 
and determine the equilibrium forces on it. These results 
enable us to calculate (on the assumption that the wind forces 
vary as the square of the velocity) the resistance derivatives 
for variation of wind speed. 

The derivatives for variations of velocity along the axes Y 
and Z are given by the curves of normal and lateral force for 
angles of pitch and yaw. If the angle base is degrees, the 
value of Zw/XJ or Tv/U is obtained by multiplving'lhe slope 
of tbe curve near the origin of 57.3 to convert degrees to 
radians and dividing by the square of the wind speed. 






called Rotary Derivatives. 

T1 ’f PX P prim<n| al determination of these quantities has 
already been described* in connection with tests on an airplane 
model, and though the apparatus has been modified, the same 
methods are in use at the present time. 

Measurements were made by the method of observing oscil- 
lations. and only five of the more important derivative* were 
considered. These were : 


The first three can be determined by observatio 
damping of a natural oscillation, but the last two re 


- - — obtained. The motion a w#i 

then stopped and the decay of the motion about the second 
axis observed. Tbe determination of these derivatives bv 
forced oscillations was found, however, to be a matter of some 
difficulty, and the results can only be regarded as preliminary 

The remaining three derivatives — Lp, Mg, and Sr were 

determined iu the wind channel by observation of the damping 
of natural oscillations. The method for Mq and A’r was to 
mount tile model on the balance in the same manner as for an 
experiment on the forces, the balance being free to rotate about 
a vertical axis. The motion was controlled by springs which 
maintained the oscillations for a period of from 20 to 40 sec. 
against the damping due to the wind forces and the friction 
of the apparatus. The damping of the oscillations was 
recorded photographienJIy for several wind speeds. The re- 
duction of t lie results consists in plotting the loge of tin- 
double amplitude on a •* number of swings ” base for each 
wind speed (including zero). These lines are approximately 
straight for the part of the curve over which the amplitude 
is reduced from its maximum value to half, and the logarithmic 
decrement is consequently determined from this slope. If the 
slope at zero wind velocity is subtracted from the slope nt 
each of the other velocities and the result divided by the 


s the damping due to the wind and / the moment 
If each value is divided by the appropriate wind 
"•e find that the damping to be nearly proportional 
| 1 3 3 - **-e equation 
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. forward motion, v the velocity. I a 
dimension of the body, and ? and I’ the density and kinematic 
• form of the function is unknown, 
lie mol ion in an experiment on :i 
on the actual machine if the value 
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unobtainable in wind channel tests, as both the size and the 
speed are much higher in practice; in tbe case of rigid air- 
ships the value of vl for the actual ship is some 200 times that 
in the model test. By carrying out tests in water r can be 
reduced to l/14th that of air. hut the experimental difficulties 


t cases outweigh 1 
f (yr) - Experiments 


It is hoped that in the near future resistance experiments on 
full-size airships will be made. 

Experiments on models over the greatest possible range of 
speed appear, in many cases, to indicate that the power of the 
velocity whieh the resistance varies at is not very different 

from 2 at the highest value of (y) obtainable. If Fa V, 

then / ("Tr) = 1’ and we can calculate the forces on the actual 

machine directly from our model experiment. 

A very large amount of data has been obtained in testing 
the airplanes which are being constructed for nur naval and 


military forees, and comparisons of the greatest value are now 
possible between the results 011 models and actual machines. 
The writer believes that the time is not far distant when the 
design of new machines will be essentially based on the results 
obtained in experiments on small-soale models in a wind 
channel. 

It was the author’s good fortune to be associated for some 
years with Mr. Leonard Bairstow, F.R.S., who was until 
recently the Senior Assistant in the Aeronautical Division of 
the National Physical Laboratory. The progress which has 
been made was due in a very large measure to his jiersonal 
ability and to the sympathetic encouragement whieh led to 
such close co-operation between the members of tbe staff who 
worked under him. 


The Mexican "Micropiano” Scout 


It is not generally known that during the last two years 
die Mexican government lias made a considerable, and appar- 
ently quite successful, effort at building up a wholly national 
air service. This effort is mainly due to the untiring activity 
of Colonel Alberto Salinas, a nephew of President Carranza, 
who took his pilot license iu 1912, at Mineoln Aerodrome and 
has since been continuously identified with the development 
of Mexican aviation. 

In November, 1915, an Aviation Department was created 
in the Mexican War Office, and a military aerodrome and lly- 


maehines and plans were then laid down for a further expan- 
siou of the aerial establishment. 

Last year an engine department was added to the aviation 
factory, and there the first Mexican aero-engine, called the 
Aztatl, was produced. This engine is of the Anzani type, and 
is being manufactured in two models, one developing 70 hp. 
and the other 100 hp. Complete national source of supply 
having thus been provided for the tra i n i ng branch of the air 
service, plans were made for the fighting materiel. 

Throngh an arrangement with the Hispano-Suiza Co. of 


ralio nt* the dimensions of I 
model. It and (' being the moments o 
vaw respectively. 

•Scale anti Spaed Effect 

In considering the application of model results there is one 
important correction whieh it is necessary to apply to the 
great majority of experiments in a wind channel; it is thnt for 
change of size and speed between the model and the actual 
machine, li lias now been well established that for what may 
be called totally submerged bodies, sucli as aircraft or tor- 
pedoes, where the type of motion is determined bv the viscosity 
of the fluid, we may write 



with Sr. Horacio Ruiz as chief pilot. For the tuition of the 
first pupils there was available a number of heterogeneous 
machines of American construction, such os Bleriot and 

m°th^re t vm?utfon" OPlanC8 ’ m ° 8t 0l * hi * d SeC " S ° mC SCrV ‘ CC 
Eventually the need of a national source of supply became 
apparent and Colonel Saliuas expanded the Valbueua aero- 
drome by the addition of a national aviation factory, the direc- 
tion of which was entrusted to Sr. Francisco Santarini, an 
Italian engineer and aviator. The first product of the factory 
was the Anahuac airscrew which was especially designed to 
fulfil the trying requirements of the Mexican climate, that is, 
rarefied air prevailing on the high plateaus, aud terrific heat 

in summer time. In the latter respect the difficulties 

tered by the American airplane squadron stationed in 
in 1916, were quite memorable, for the airscrews hau lo ue 
kept during daytime in special humidors, lest they crack and 
tae^glue dissolve. 

planes. The greater part of these were tractor bipfanes, 
although ^u small number of monoplanes, including a Morane 


Sn. F. Santarini (in t 


Barcelona the rights of manufacture for their eugines were 
acquired, and production of these high powered engines is 
soon to begin at Valbuena, if it has not already started. 
Machinery for this purpose appears to have been imported 
from Spain. 

The latest product of the aviation factory is a one-seater 
scout, called “ Micropiano,” which is described and illustrated 
herewith by courtesy of Tohtli, the Mexican aviation magazine. 

Characteristics 0/ the “ Micropiano " Scout 
The “ Micropiano ” was built to the designs of Sr. Fran- 
cisco Santarini, chief of the aviation factory, and Captain 
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The Body. The body i; 
built up of wooden longerons 

with wire stays. At the rear the^fonr^longerons^taper it 
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of n common fitting of steel sheeting which serves 
for the elevator and rudder axles. 

The Tail Planes. — The tail planes are entirely bui 
tubing, and are of the balanced type. The surface a 


of steel 
a of the 



Mexican- Training Biplane. Fitted with a 100-Hp. Gnome 

elevators is 1.73 sq. m., that of the rudder, 0.76 sq. in. No 
fixed surfaces are carried nbal'i. 

The Wings . — The wings are built up of two wooden spars 
and ribs of the same material, and have a general Morane 


aspect. The lower wings are fixed to the body by means of a 
universal joint, while the upper wings fit to a center panel 
which is carried by the body on two W-type struttings. The 
interplane connection on either side of the body consists of a 
pair of tubular steel struts which are slightly inclined to the 
outward, and of the usual lift and landing wires. Kaeh wing 
structure weighs, uncovered, 10 kg., and is designed fora 
resistance of 140 kg. per sq. m. 

The Power Plant. — The power plant consists of a water- 
cooled, 8-cylinder Ilispano-Suiza engine, developing from 150 
and a special AnAhuac airscrew. 
- idercarriage is of the V-type," 


160 hp. at 1500 r , , _. 

The V ndercarriage. — The n 
with a divided axle sprung on rubber cord. 

The Control . — The control is of the stick type, with a foot 


interesting machine, 
nied in spite of the ...... 

spired by the best French tendency 

” : - i a national industry" is only 


that Mexican a 


distinct originality cannot be de- 
general outlay is visibly in- 
. degjgn. Considering 


. t withhold a 

the sight of the astounding progress achieved b 
neighbors in so short a time. 


The Artificial Seasoning of Wood* 


By Professor Percy Groom, D.Sc., F.L.S. 


The seasoning of timber is in essence a post-mortem process 
of drying conducted iu such a manner ns to permit of the 
wood being used as a structural material. It is necessary to 
emphasize tile fact that the process is one conducted after the 
normal vital activity of the tree has been arrested, because it 
has been seriously but entirely erroneously urged in the courts 
of law- that the term " mature " as applied to timber is a 
Synonym of “ seasoned." 

In order to devise perfect methods and apparatus for arti- 
ficially seasoning timber, it is necessary to understand the phys- 
ical principles determining the drying of any material and the 

t ract ical application of these to ensure equable distribution of 
eat and moisture among the drying objects. But it is also 
necessary to have full knowledge of the structure and prop- 
erties of wood, as well as the effects induced in these properties 
owing to a change in the amount of water contained in the 

Construction of Wood 


Wood is not a material ; it is a structure, and varies in design 
and construction not only in the different kinds of timbers, but 
also in wood produced by one and the same species of tree. It 
is essentially composed of a material, allied to cellulose, that 
■ ay be termed wood-substance, which is excavated into count- 
less minute closed cavities of various shapes. 

The structural constituents of wood thus are all hollow and 
shaped like narrow spindles, tubes, or bricks: their solid parts, 
composed of wood-substance, are termed •' walls.” Those con- 
stituents mainly dovetail with one another and their long axes 
are mostly parallel to the original long axis of the trunk or 
branch of the tree. But this main grain of the timber is crossed 
at right angles by bands of weak brick-shaped constituents: as 
these bands in the original trunk run transversely in a radial 
direction, they are termed ■' rays." Such rays are familiar as 
the cause of the silver grain of oak, beech, mahogany, and 
other woods. 

These various structural constituents may contain in their 
cavities air, water, and substances dissolved in water, small 
quantities of various solids and occasionally resin, which is 
often contained in special local spaces created by- the local sep- 
aration of the structural constituents. The solid walls contain 
water and relatively small amounts of various eomplex organic 
substances. 

From the present standpoint a piece of wood may be re- 
garded ns being composed solely of wood-substance, water, 
and air, for the other substances present represent onlv an 
insignificant fraction of the weight of the whole. 


Water in the Green (Fresh) Wood 
In the trunk of a sufficiently mature standing tree a consider- 


able amount of water is contained iu the outer wood ( sapwoud ) 
and usually a smaller amount iu the central wood (which, when 
differing in color from the outer wood, is termed heartwood). 
For instance, in the Scots pine t red deal ) the sapwood is on 
the average about four times as moist as the heartwood. In 
oilier cases ( e.g., the oak) nt times the sapwood and heartwood 
may conlaiu almost equal amounts of water. 

The Drying o/ Wood 

The water present in the cavities (as opposed to the walls) 
can puss freely along the cavities and through the walls, so that 
when wood is dried this water readily evaporates, and a piece 
of wood containing more than 100 per cent (the percentage of 
water is best expressed as a percentage of the weight of the 
absolutely dry wood iu which it was originally contained) of 
water is easily drierl to a condition when the water is solely 
in the walls, and amounts to 25 to 30 per cent. Yet during 
the phase of drying, if the wood is being artificially seasoned 
at a high temperature, two opposite effects and defects may- 
be induced so that ruptures arise iu the wood. On the one 
hand, the rapid production of steam inside the closed hollow 
constituents creates pressures that suffice to burst the little 
chambers open and cause large splits in the timber. On the 
other hand, the drying timber may collapse along its grain; 
this collapse may lie duo to the evaporation of water from the 
hollow closed constituent being accompanied by little or no 
admission of air, until a thin film of moisture remains lining 
the wall; this film, by its contraction due to surface tension, 
exerts on the wall a pull that culminates in collapse. 

After the evaporation of the water contained in the cavities, 
the remaining water is held with considerable force by the wood 
substance (walls), which therefore may be loosely described as 
being a hygroscopic material. Wood-substance, like a number 
of other organic materials (glue, gels, and so forth), shrinks 
when it loses water, and swells when it absorbs water. Thus, 
at least in very thin drying pieces, wood does not begin to 
shrink until it contains 25-30 per cent of water, and if it were 
possible to regulate the loss of water from a drying piece of 
timber so that evaporation was balanced by an equal flow of 
water from the interior, no shrinkage would take place until 
all the u-nter iu the cavities has been removed. Indeed, in the 
cases of many timbers no perceptible shrinkage takes place 
during the early phases of seasoning: when once the cavities 
have been depleted of w-nter shrinkage begins, and is henceforth 
proportional to the amount of water lost. 

Assuming that a piece of wood, not too thick, has reached 
this critical point and is exposed to the atmosphere at normal 
temperatures, it will continue to give off water vapor until the 
water in the wood -substance (at any rate, at the surface) is 
in equilibrium with the atmospheric moisture. This stage is 
reached, in our country, in the open air, but under cover when 
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17-22 per cent of moisture is present. When brought into 
dryer outhouses, the wood becomes more fully seasoned and 
its’ humidity sinks to 13-17 per cent, while after being kept iu 
rooms at least intermittently wanned, it attains a degree of 
dryness at which only 10-13 per cent of water is present. But 
in "none of these cases is a final permanent degree of humidity- 
attained; increase and decrease in the relative humidity of the 
atmosphere cause the wood respectively to absorb and emit 
water. It is partly to avoid such changes in the water-contents 
of wood, and the consequent changes of shape and size, that 
wooden articles are frequently coated with more or less im- 
pervious layers of varnish, paint, oil, paraffin wax, and so 
forth. 

These various percentages of moisture, therefore, indicate 
the degrees of humidity to be aimed at in the artificial season- 
ing for articles that are to be used iu the corresponding situa- 
tions. Such is the usual rationale of the condition attained by 
naturally seasoned wood. There are, however, considerable 

C 'ifications to be added. On the other hand, it is known 
in houses massive beams of oak, hundreds of years old, 
have been found to contain much moisture at the center; it is 
also known that articles of oak, however well seasoned, w-heu 
their surfaces are replaned *' move ” and may crack at the 
surface. Those facts suggest that at least certain kinds of 
wood tend to acquire a relatively impervious surface, and that 
the inner wood in thick pieees of timber always contains a 
larger amount of water than corresponds to equilibrium with 
the local atmosphere. 

Shrinkage and Warping of Wood 
The shrinkage or swelling of wood-substance ( walls of the 
constituents) occasions corresponding changes in dimensions 
of a piece of wood. These changes in dimensions arc not 
equal in different directions, and therefore tend to be accom- 
panied by changes of shape of the piece of wood. The cause 
of this lies in the het rogencous structure of the latter. The 
elongation of the constituents along the grain causes a distinc- 
tion between the transverse and longitudinal structure. The 
occurrence of the rays, and the concentric construction of the 
successive layers of wood, evoke differences in circumferential 
and radial structure. Shrinkage and swelling are unequal in 
all these cardinal directions; along the grain (longitudinally), 
and transversely in the radial and circumferential (" tangen- 
tial **) directions. 

The fibers and other structural constituents of wood, like 
vegetable films in general, shrink and swell much less along 
their long axes than trnversely. In drying from the green to 
the fully seasoned condition, wooden rods cut along the grain, 
transyerse-rndially, transverse-tnugenlially, usually show re- 
spectively the following shrinkages recorded in percentages of 
the original length, 0.1, 0.6, 0.6. The greatest cause of warp 
ing and splitting during drying is the disproportionately large 
circumferential (tangential) shrinkage when compared with 
radial shrinkage. 

If we consider the seasoning of the trunk of a tree, it might 
appear impossible to secure this without the wood splitting, 
since the circumference tends to shrink twice ns much for each 
end of length as does the resin. But wood is both extensible 
and plastic, so that a beam loaded at the center acquires a 
permanent set; hence it is possible to season wood without 
distortion or splitting, despite the tendency toward differential 
contraction. 

If a piece of wood be dried too rapidly-, so that the outer 
layers tend to shrink too cjuiekly when compared with the inner 
wood, one of the following results ensues ; either the piece 
warps or splits at the surface, or it undergoes a change known 
as case hardening, or there is a combination of these effects. 

Case hardening is almost universal in wood that has been 
seasoned loo rapidly in a drying kiln. The name is appro- 
priate, because where these defects exist the wood at and near 
Uie surface is different from that lying within, and, so to speak, 
forms around this a hard case. The wood is harder than if 
properly seasoned. It may or may not display superficial 
cracks or internal cavities that are pointed oval in a section 
“ross the grain of the wood. When such wood that has been 
fully dried throughout is planed along one face, it bends, be- 
coming concave on the newly exposed surface, or if it be sawn 
through the middle, the two halves bend so that the fresh sur- 
faces are concave. If, however, the hard ease possesses well- 


developed crocks these curvatures do not take place. The 
rationale of these phenomena is as follows: 

During rapid drying the superficial wood dries more rapidly 
than the water is supplied to it from within. It therefore 
tends to shrink, but its contraction is opposed by the internal 
wood, which has not lost sufficient moisture to cause it to 
shrink at the same pace (if at all). The inner wood, therefore, 
is in a condition of compression, while the outer wood is in 
tension. The latter being ductile resists rupture, but acquires 
a permanent set. The hard case of wood thus formed opposes 
the outward passage of water, so that the internal wood dries 
more slowly, and accordingly tends to shrink more. 

Eventually a stage is reached when the inner wood has lost 
so much water that it tends to contract more than did the outer 
wood, so that the conditions of stress are now reversed, the 
outer wood being in compression and the inner in tension. 
As a consequence, at this phase internal splits may arise and 
widen out to form the oval •' honeycomb ” cavities already men- 

Wood completely dried continues to retain this peculiar 
stressed condition (excepting in so far as it is relieved by 
splits), and therefore bends instantly as it leaves the saw or 
planing instrument. Such bending differs from warping, 
which is caused by lack of uniformity in the distribution of 
moisture at the time of bending, and is the gradual result of 
differential tensions caused by subsequent drying. 

A succession of the two kinds of bending takes place if a 
piece of wood in the first stage of case hardening be sawn 
through; for the newly exposed inner damp wood, liberated 
from its condition of compression, elongates, whereas the hard 
-- case ” remains constant in dimensions, with the consequence 
that the freshly exposed surface becomes convex. But as the 
wood dries the convexity changes to straightness, and finally 
to concavity as the damp wood dries. During the initial stages 
of case hardening, shallow cracks may arise in the outer hard- 
ening wood and partially relieve the tension. Such craeks may 
be subsequently closed in the second stage, when the hard case 
is in a condition of compression. . 

W arping and Splitting " 


The elementary facts in relation to the different amounts of 
shrinkage in the three cardinal directions fully explain such 
phenomena as the lack of warping in quartered or rift-sawn 
W arping or splitting of wood with curved 
' '■ wood), and partly justify the use of 

■' v problems requiring 

• A ~ c 1 *o warp 


three-ply wood. Yet there remain n 
solution as to the proneness of certain kind of timbers tc 
or split, and to the causes determining whether a wood shall 
merely warp or merely spilt, or display both these defects. 

Mention may now be made of a special additional case il- 
lustrating the effect of the mode of cutting timber in detennin- 

jjHH -It the latter will be successfully kiln-dried. In 

exotic timbers, the grain, iu place of being 
successive layers alternately in right-handed 
It -handed spirals, with tile result that in a bastard-cut 
t only oblique, but also appears to be 
US-grained. A bastard- 
t, because longi- 


g whether - 


interlocked. Such wood is’ truly’ • 

sawn board, when rapidly dried, is ; __ 

tudiunl shrinkage on each face is least along the direction 'of 
'' '■ prevailing grain. When the effects on the two faces of 
' ' e, a twisting couple is established. The 

n cutting the trunk radially into boards 


the hoard a^. ... 

prevention of this lies ir. 0 _ ... 

— i.e., producing solely quarter-sawn boards. 


Under like conditions the shrinkage (or swelling) of differ- 
ent kinds of timbers, of different samples of the same timber, 
or even of the various constituents of one piece of timber, is 
not the same. Taking the last case first, certain softwoods 
(coniferous timbers), when properly kiln-dried, or when in- 
stalled in an incompletely seasoned condition as panels, become 
ribbed along the grain. The ridges and furrows correspond to 
alternating layers of light spring-w-ood and heavv summer- 
w-ood which have shrunk unequally. 

It is often alleged that heavy woods shrink more than do 
light ones. This statement, though not devoid of some founda- 
1 i° n - is often opposed to the troth. Blit to understand the 
matter fully it is necessary to consider the precise signifieanee 
of the terms “ heavy " and “ light " as applied to woods. 

Wood-substance composing the solid framework of all tim- 
bers is, within very small limits of variation, invariable in 
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specific gravity (1.66), being slightly more than half as heavy 
again as water. Bence, in comparing two pieces of wood of 
equal volumes and deprived of all water, the one ia heavier 
than the other (almost) solely because it contains more wood- 
substance and less air. Consequently, when two pieces of 
wood of different (apparent) specific gravity, but containing 
the same percentage of water, are being seasoned, the amount 
of water lost during drying down to the same percentage of 
humidity is proportional to the apparent specific gravities of 
the two woods when absolutely dry. Thus for this reason alone 
a heavy wood seasons more slowly than a light wood under 
identical circumstances. Obviously, also, if a heavy wood and 
a light wood are first deprived of all the water in their cavities, 
subsequently the comparative amounts of shrinkage of the 
wood-substance of the two will be proportionate to their (dry) 
specific gravities, assuming that they ultimately contain the 
same percentage of water. This might cause us to anticipate 
that a heavy timber would shrink i “ — - — 


ie drying 
nate and 


a high temperature shrink If 


might lead ns to anticipate that the slowly drying heavy timber 
would shrink more than the more rapidly drying light 

But these anticipations leave out of count the fact that 

minute architecture of different timbers varies widely. Thus 
the generalization in reference to the great shrinkage of heav- 
ier woods is not true. It is, however, the fact that the lighter 
softwoods season more rapidly and shrink less than the heavier 
hardwoods. Moreover, the shrinkage of different samples of 
the same kind of wood, and to some extent of different kinds 
of timber that are structurally very similar, is often propor- 
tional to the apparent specific gravity. The light-weighted 
wood of Weymouth pine (Canadian white or yellow pine) 
shrinks less than the heavier Scots or Baltic pine ( red deal ) ; 
in this case probably also because the former is richer in resin, 
• 1 1 a shrinkage. 


t vary greatly in 
nclude long thin- 


100 or e- 




dried in i _ . 

mens of the same kind of wood that are dried more slowly. 
This fact (which as a generalization requires confirmation) 


heat, and m_ 

process. In correspond 

weather, the process is ,, _ 

being in abeyance and at some other times being too rapid 
The timber is, consequently, liable to warp and split, to under- 
go decay, or to bo attacked by boring insects. Yet natural 
seasoning, despite of its wastefulness and long duration, Eat 
one advantage : it yields wood mechanically superior to wood 
that is artificially seasoned by any but the best processes. 

Artificial seasoning usually takes the form of kiln-drying, h 
which the source of heat is artificial, and drying may be aided 
by artificially induced currents of air of regulated humidity. 
When properly carried out it saves not only time but also 
material, and may yield wood perfectly suited for its ultimate 
purposes. In the past, however, artificial seasoning has been 
mainly applied to wood destined for use in furniture and other 
objects, in which standing qualities were the main feature 
aimed at, and in which mechanical defects, such as brittleness, 
were not of paramount importance. It may be stated now 
that, although artificial seasoning has been so successfully ap- 
plied to certain kinds of timber that there is no evidence of 
any inferiority to naturally seasoned wood, much research and 
experiments will be required before we ’ 


>ne. plish this ir 

the with other t 


f regulating t 


i are hardwoods, without inducing distortion and 
Bracking, and why the seasoning ean be conducted safely at 
higher temperatures in the case of the former timbers. 

The structure of softwoods is relatively simple, for the tim- 
ber is mainly composed of spindle-shaped fibers, which differ 
among themselves almost solely in that the spring-wood fibers 
have wider cavities and thinner wills than have those of the 
summer-wood. Moreover, the rays crossing these fibers at. 
right angles are extremely thin, and consequentlv disturb the 
straight course of the fibers to a minimum extent. 

Hardwoods, on the other hand, arc complex i — * * — J 

consist of various structural constituents t’ 
shape, width and thickness of wall. These .. . „ 

walled relatively wide tubes, varied fibers, and very short, i 
thin-walled, brick-shaped constituents. Crossing these are me 
rays, which may be so thick ( eg., in oak) as to necessitate 
the curving of the grain round their flanks. 

Objects and Effects of Seasoning 

The objects and effects of seasoning wood are: 

1 To decrease its weight. 

2 To decrease its shrinkage, warping, and splitting when the 
wood is utilized for its final purpose. 

3 To increase its strength (especially in compression!, its 
limit and its co-efficient of elasticity, and its hardness (when 
measured by indentation). 

4 To decrease its pliability and totighness both below and 
above the limit of elasticity. 

5 To increase the power of resistance of the wood to decay. 
A niece of timber hv its loss of water during seasoning may 

it of its original weight, and may gain 
n strength. But when the seasoning 


ction of air currents. 

3 Regulation of the humidity of the air. 

4 Regulation of the pressure of the air (rarefaction). 
Excesses in any of these is liable to cause the wood to be 

damaged or to delay the seasoning. 

Early in the history of mankind the seasoning effect of 
artificial heat must have been discovered, for green sticks held 
in front of a fire become hard and strong, while various articles 
made in primitive fashion in the forest of freshly-felled beech 
are even in modern times hardened by holding them in the 


increase the pliability and plasticity of wood, one heats and 
moistens it, so that prolonged treatment with steam renders 
wood very pliable and plastic, an . thus tends permanently to 
rob it of a portion of its elasticity. The significance of these 
facts will be evident when the different processes of artificial 
seasoning arc considered. 

Natural and Artificial Seasoning 
In natural seasoning, (he sun’s rays constitute the source of 


primitive beginnings there is but a slight step to 
the earliest types of drying kilns, in which the timber was con- 
tained in a room at one end of which was a furnace that was 
separated from the timber only by a screen ; or the room pos- 
sessed a perforated floor below which was a furnace burning 
sawdust, shavings and fragments of wood. Obvionsly in sum 
cases, although ventilating chimneys were provided, uniform 
distribution of heat and uniform drying were impossible, and 
the wood near the source of heat dried too quickly and was 
largely spoilt. 

Relatively ineffective was the mere placing of the heating 
arrangements outside the drying chamber, for again the timber 
packed towards the center dried more slowly than that outside. 

Steuing or Prolonged Steaming of ff’oad 

Before passing to the more modern types of seasoning kilns 
mention may be made of another process of dealing with green 
wood by means of heated water-vapor with no ventilation. 
The pieces of wood are piled directly on one another in a cham- 
ber that can he hermetically closed. After closing the chamber 
hot water-vapor, at a temperature above 30 deg. C., is ad- 
mitted from numerous holes in a tube- This vapor penetrates 
the wood, condenses, and causes an outflow of colored sap, 
which sinks into the concave fioor of the chamber. When the 
requisite pressure has been attained the steam pipes are closed 
for four or five hours. Thereafter the colored thick brown sap 
is evacuated through an outflow pipe. The process is repented 
until the sap flowing out and condensing is colorless; this stage 
being reached in four to five da’ "" ' ' ' 


mouths instead of the two or three years that would he re- 
quired for natural seasoning. Its properties are changed: 
sometimes its color is clearly modified, it is easier to work, 
warps less, and is said to possess increased powers of resisting, 
not only decay, but nlso attacks by insects. The treatment is 
akin to the prolonged steaming process by which beech wood 
is so changed that it loses its natural tendency to wnrp and 
split and acquires such redness of color as to facilitate its use 
as a substitute for mahogany. 
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0.064 inch (1.028 inui.) mid smaller, mean 
diameter of colls 8 Indies (305 mm.), 
minimum weight of coil 10 pounds (4.54 
kg-1. 

Inspection and Rejection. — 10. A tag 
supplied by the manufacturer and tilled 
In by the Government inspector with Ink. 
showing the number of the test as per his 
official list of tests, the diameter of the 
wire, and the breaking strength, shall be 
attached to each coil or piece of wire ac- 
cepted by him or by the salvage board. 
Such tag shall be sealed on the bundle 
with a steel wire of approved design and 
a lend seal bearing the private mark of the 
lustieetor doing the work. 



3JVI3 — Specifications tor So/I Solder 
Genera i_ — 1. The general specifications. 
1G1, shall form, according to their appli- 
cability. a part of these specifications. 


Material. — 2. Solder shall be made 
from new tin and commercially pure new 
lead. Its composition shall be ns follows: 



I iei.ivery. Shipping and Packing. — 3. 
Solder shall be delivered _ ln 1-lb. tars, 
on each bar. The bars shall be [lacked In 
boxes, the gross weight of which shall not 

exceed 220 lb. (100 kg.). 

References. — 4. United States Navy 
Department Specification So. 47*7 


4P 4 — Specifications for Plain. Ball, and 
Castle Hexagon Huts for Aircraft 
Uekerai- — 1. The general specifications. 
1G1. shall form, according to their ap- 
plicability. a part of these s|>ecltlcntlons. 

Use. — 2. These nuts are to be used on 
bolts (I, A. S. B. specification 4P3.) 

Material — 3. The nuts shall lie ma- 
chined from cold-rolled or drawn steel, 
I. A. S. B, specification 3S20. 



cyanide hardened. The nuts shall la* cop- 
per-plated in u cyanide bath and then 
nickel-plated; the coating shall not exceed 

Workmanship and Finish. — 5. The in- 
side face shall be fiat and free from burrs. 

Physical Properties and Tests. — 6. 
Nuts shall withstand having the Inside 
diameter increased 25 per cent by drifting 
without cracking. One per cent of each 
size of all nuts shall he subjected to the 

III MENS IONS AND TOLERANCES. 7. The 

nuts shall be of the form shown In figures 
1, 2. and 3. and shall conform to the 
dimensions within the tolerances given In 
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The above plate by A. .] 

L. Pollen, reproduced by courtesy of Flying 1 London), gives a striking compara- 
tive view of modern British military airplanes. 
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n the R.F.C. who carry on Ilia tradition. Captain Mc- 
Cuddeu and Captain Fullard have suddenly blossomed into 
fame, and the newspapers have been full of their exploits. 
Captain McCudden, M.C., has brought down thirty-seven 
enemy machines, and his squadron has ninety-nine aircraft to 
its credit. At Mons he was an Air-Mechanic, and in the re- 
treat he became an Observer. As a N.C.O. he won the 
Military Medal and the Croix de Guerre. Since he became a 
Flying Officer in a single-seater scout he has been in over a 
hundred fights, including three combats with lmmelmann. 
His father was a warrant officer in the Royal Engineers, and 
was born at Carlow. His mother is Scottish. He will be 
twenty-three in March. He was born in barracks at Chatham. 
His career proves that the R.F.C. is recruited from the ranks 
as well as from the public schools. 

Captain Fullard, M.C., D.S.O., has brought down forty- 
two enemy machines and three balloons. In one day he brought 
down four Ger m an airplanes. Before breakfast one morning 

he was responsible for three. His squadron up till October had 
brought down 200 machines, and their "bag” is now about 

without a single casualty, and during that period they brought 
down more machines than any other flight in France. His 
goggles were shot away in a fight with a two-seater, and he 
brought his burning machine back safelv. He is the son of 
the late Mr. T. F. Fullard, of Hatfield. He was educated at 
Norwich Grammar School. He went to the front in April. 


Great Britain 


—One German airplane raided Broadstairs at 9.60 
airplane raided Westgatc-on-Sea 


March 16.— One Gen 

at 5.30 a. m. 

March 17. — German airships raided the South Eastern 
Counties of England. Bombs dropped in Kent. 

April 5.— German airplanes raided Kentish coastal towns at 
10.45 p. m. Eight bombs were dropped. 

May 7. — One German airplane raided North-East London at 
12.40 a. m. Four bombs were dropped. One man killed, and 
one man and woman injured. 

Mav 24. — Four or five German airships raided East Anglia. 
One man killed. 

May 25. — Sixteen German airplanes raided South East Eng- 
land (German Communique says Folkestone) between 5.15 
and 6.30 p. m. Killed, seventy-six; injured, 174. Admiralty 
claim three brought down. 

June 5. — Sixteen German airplanes raided Thames Estuary 
and adjoining districts of Essex and Kent and establishments 
in the Medway (German Communique says Sheerness) at 6.30 
p. m. Killed, twelve; injured, thirty-six. Two machines 
brought down. 

June 13. — Fifteen German airplanes raided East End of 
London, North Foreland, and the banks of the Thames at 11 
a. m. Killed, ninety -seven ; injured, 439. Germans claim one 

June 17. — Two German airships raided East Anglia and 
Kent. One Zeppelin brought down. Six bombs in Kent. 
Two killed, sixteen injured. 

July 7. — About twenty German airplanes raided London. 
Isle of Thanet and East Coast of Essex (German Com- 
munique says Margate) at 9.30 a. m. One machine brought 
down by RJ.C. Fifty-nine killed, 193 injured. 

July 14. — Twelve or fourteen German airplanes raided 
Harwich at 7 a. m. British claim two machines brought down 
on return journey off Belgian coast. Eight killed, twenty-two 
injured. 

July 22. — Fifteen to twenty-one German airplanes raided 
Felixstowe and Harwich at 8 a. m. One machine brought down 
by R.F.C. off Belgian coast. Germans claim all airplanes re- 
turned. Thirteen killed, twenty-six injured. 


August 12. — Twenty German airplanes raided Margate uj 
Southend. At 5.15 they appeared off Felixstowe going Sog’ 
Forty bombs dropped at Southend. Twenty-three killed, 81 
injured. One machine brought down. 

August 22. — One or two German airships raided Month 
the Humber at 11.15 a. m. Twelve explosive and thirteen i.. 
cendiary bombs dropped. One man injured. Ten Gcrtat 
airplanes raided Ramsgate, Margate, and Dover at 1.10 p. a 
Eleven killed, thirteen injured. Two machines brought dovt 

Sept. 2. — One German airplane raided Dover. Seven bos' 
dropped. One killed, six injured. 

Sept. 3. — Six German airplanes raided Chatham, Isle ... 
Thanet, Sheerness (German Communique says Ramsgate I be 
tween 10.40 and 11.30 p. m. One kiUed, six injured. 

Sept. 5. — Twenty German airplanes raided London at 10,i 
p. in. (German Communique says Margate and Southend _ 
well.) Nine killed, forty-nine injured. One machine broosii 
down off Sheerness. 

Sept. 24. — German airships raided coast of I 
Lincolnshire between midnight and 3 a. m. Thre, 

Sept. 25. — German airplanes raided Londoi 
East England at 7.45 p. m. Seven killed, twenty-five injured 

Sept. 27. — About twenty German airplac :J - J T — •- 

Suffolk, Essex and Kent. No casualties 
brought down. 

Sept. 29. — German airpli 
Essex between 8 and 9 p. l 
jured. 

Sept. 30.- — German airplanes raided London, Kent, 
Essex at 6.40 and 8 p. m. Niue killed and forty-two injurd 
One machine brought down. 

Oct. 1. — German airplanes raided London, Essex, and 1 
between 7 and 10 p. m. Ten killed, thirty-eight injured. 

Oct. 19.— German airships ' — *~ A 1 — J ■- 

East and North Eastern Cot 

Oct. 29. — German airplanes attempted l 
Eastern Counties. No casualties. 

Oet. 31.— One airplane raided Kentish coast at 4.30 a 

Nov. 31. — German airplanes raided London, Kentish 
South East coasts at 10.45 and 11.50 p. m. Eight kill*) 
twenty-one injured. 

Dec. 6. — About twenty-1 


raid the South 


4.00, 4.30 and 5 a 


vhen one machine was brought down, and at 9.30 p. it, 
ombs were dropped in the Isle of Thanet- No casual- 

The A cro plane (London), January 30, 1918 


, rly 50 percc. 

has to be cut to get the requisite degree of lightness for st 
nnd spars. England is now suffering from a famine of wi 
suitable for aircraft, but particularly of silver spruce, and 
famine is due os much to transport troubles as to the was 
inherent to aircraft manufacture. The rapid depreeiatioi 
service airplanes further contributes to render this prol 


To overcoi 


on the market hollow spars wbic 
glued together to any desired 
length. No matter what the lei _ 
be, no scarfing or other joint is required, and 


. .L'thod is adopted for 1 

and streamlined struts for intcrplane 
carriages. These struts and spars arc 
interior construction in such way as t> 


News of the Fortnight 


The following 
"niSitajy « 

(rout in Franco. 
Urge, marks the 

building up this 


tattle Planes” on Way to Front 

ent is authorized by the Secretary o 
s complete a picture as is permissibl 
tents of the problems and the 


This first s 


itself i 


it in 


e industry. 
lipped with Liberty Motor 
These planes are equipped with the first Liberty motor from 
,‘w production One of them in a recent test surpassed 
all records for speed and climbing for planes of that type. 


, .. -licit began _ . 

nnd the peak of produ 
Only the 12-cylinder 


until a 




ade. as 
on the 


bigCpowered engine instead of the eight-cylinder. 

These statements should not be exaggerated but should be 
considered in the light of the following facts: After three 
ware of warfare the total number of planes able to take the 
S7t any one time on either side of the western front 1ms not 
been over 2500. This, combined with the fact that 46 men are 
required on the ground for every plane in the air, gi> 


on the ground, ai 

.ho eventually reaches the front, with a spare en 
plane. Moreover, while the American program 
tayed by difficulties which were impossible to^ 

edge last spring, it may be said that America 
not due in France under the original schedule in 
At the outbreak of war. the first step, both in sequence am 
importance, was to build up au industry to rush out the train 
ing plants needed for the prospective aviators who were im 

Sordid 'indeed America's largest immediate source of aid t- 
her associate nations in the war, which, while well able to tun 
out the latest type of airplanes, were seriously drained of met 


Difficulties in Europe 


Baited States had 


s late. 


aching 


mt the length of the desired spar mat 
„ other joint is required, and uniform strength 
the spars over the entire length. 


r'scalel' 1 ! l 


practically no airplane en 
n fighting planes. 
a of planes presented a much 
that of engines, which had been 
i for other purposes on a eolost 
cment of their manufacture, requmug 
ingle fighter, or 700 pieces of wood in a single 
a ted the most expert workmanship and balance 
essential combination of lightness with strength 
> militate against quantity production. 


minute details, upon the strength of which a large number of 
fighting planes of a certain type were ordered. The raw ma- 
terials were very largely in hand and the drawings within 
several days of completion when another cable said that this 
type had been superseded and should not be built. Nearly a 
month was thus lost. 

They had just been 
the die ’ — 1 


Drawings then cami 
redrawn for America 


done 


had t 




•ived. The 


is further 
abroad, j 


ing completion still a third set of drawings 
and a third start was necessary. The unavoidable 
me was preferred to turning out a design known at 
: to be out of date. 

of separation from the battlefields by 3000 miles 




weeks 


tywbere fro 

if day and night w 


than types adapted t 


n opened, the latest 
ire. the industry in- 
iuing-plane problem 


The great problen 


k of kn owl- 
il July. 


Two serious problems, inti . 
mediately met, the almost total lack of airplane industry and 
of airplane engineering knowledge. The industry was rudi- 
mentary, with only one company on an appreciable production 
basis and another dozen small experimental companies. The 
metal work was mostly done by bamh each machine built as 

dies, jigs, or gages. The estimates of the total value of the 
industry vary from $ 2 , 000,000 to $10,000,000 and of employes 
from 5000 to 10,000. The government was practically the 
«!y purchaser, haring ordered 360 planes the year before the 


Heed for Skilled 
now remaining 
engini 


needed t 


the Mums 

keep the planes always in 
' ’ lical for. 


ird routes, the flying fields, and the repair depots, both 
tnd behind the lines in France, is a vital industrial link 
c chain to air supremacy. Without them the planes 
1 out would soon be useless and the flyers helpless, 
best the life of a plane is but two months, and the 
he overhauled after 75 hours, while : " 

ved to leave the hangars in imperfect ei 


a bird v 


broken 




otng o 


a grea 


ncrease in the volnn 




Th 


ntial and expected. 

itical Work of the Bureau of Standards 

;ork of the Bureau of Standards, including aero- 
I tests and developments on the Liberty engine and air 


. championed recently by Representative 

Towner in a speech backing the item of $250,000 for the 
Bureau of Standards, in the $1,000,000,000 Urgent Deficiency 
Bill which was passed by the House of Representatives on 
Feb. 18. Mr. Towner said, in part: 

“I think there is no other bureau of the Gove 


uable s< 


o the Gul- 


in the war preparations titan is the Bureau of Standards. 

“ As an illustration, let me call attention to^what they have 

standards *and types, and the genera] work of preparing our 
air service. Their assistance has been exceedingly valuable in 
almost every stage of tlie work. 

of the Liberty engine, and especially in the development of 
the materials that are to be used in the manufacture of air- 
craft, the Bureau of Standards has rendered invaluable service. 
1 1 was supposed that mahogany was the only wood which could 
be used for the construction of propeller blades. By the 
work of the Bureau of Standards the fact bas been developed 
that a good many of our native woods may be used, upon 
proper tests, so that we shall have no difficulty in finding 
within the confines of our own country all the necessary 
materials for Hint purpose. It was supposed that nothing 
except linen could be used for the covering of the wings. It 
lias been determined by experiments made by the Bureau of 
Standards that cotton may be made almost, if not entirely, 
equal to linen for this purpose if properly prepared.” 
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WHEN THE GEOmOVS DAWN OF VICTORY COMES AND THE TRVE 
STORY OF THE WAR CAN BE TOED, IT WILL BE FOVND THAT CVRTISS 
AEROPLANES AND CVRTISS AAEN HAVE "DONE THEIR BIT!’ 
CVRTISS AEROPLANE AND MOTOR CORPORATION, BVFFALO.V.S.A. 
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IN THE- AIR 

Ca//s for 

Speed-Strength — Ease of Control 

In addition to these vital requisites the new 
Continental Pusher offers wide range of 
vision for Observer.CameraMan or Gunner. 

The Conti nental Aircraft Corporation 

Factory and Aviation Field New York Office 

AMITYVILLE, L. I. 120 LIBERTY STREff 

MANUFACTURERS OF 

Airplanes, Experimental Airplanes and Parts 
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Thomas *Morse Aircraft Corporation 


ITHACA . N.Y. O.S.A. 


Contractors to U. S. Government 



WALDEN-HINNERS COMPANY 


BUILDERS OF AIRCRAFT 


MILITARY AIRPLANES 
SEAPLANES 
FLYING BOATS 


OFFICE AND FACTORY 

EDGEWATER, N. J. 


ATION 


V, 


ENUS 

PENCILS 


for every technical 
use VENUS’ are 
standard ! 


17 


black degrees 


FREE! 



“Usco” 
Number 72 

THE STANDARD 

Kite Balloon Fabric 
of America 


A TWO-PLY BIASED FABRIC, 
COATED BETWEEN PLIES 
WITH A LIGHT, TOUGH 
LAYER OF PURE PARA RUB 

THIS FABRIC HAS BEEN DE- 


LABORATORY EXPERIENCE, 
AND POSSESSES EVERY FEA- 
TURE AND QUALIFICATION 
NECESSARY TO A WELL-BAL- 
ANCED PRODUCT, VIZ.: 

Strong 
Gas-T ight 

Neutral, Invisible Color 
Withstands All Weather 
Conditions 
and Ages Well 



MADE BY THE 

WORLD’S LARGEST RUBBER COMPANY 

United States Rubber Company 

NEW YORK 


| Harch 1, l»l* 
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Naval and military pilots insist upon 
RESISTAL GogglesT 

asr"- piece of RESISTAL and 


UNSHATTERABLE 

RESISTAL 

AVIATOR GOGGLES 



STRAUSS & BUEGELEISEN 


Goggle Manufacturers 


BROADWAY 


NEW YORK CITY 
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a counterbalanced aviation 
crankshaft .... 


Patented July 10th, t» IT 

one of the 1 8 different 
models we are now making 
for 1 4 aviation motor companies . . . 
reduces vibration and eliminates bearing pressure 

We have .hipped 00.760 Counterbalanced Crank. haft, to February IS, Ills 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 



We are particularly anxious to figure with large users of 


Machine Screws 

We are confident we can make it worth your 
while if you use quantities. If interested 
please send quantities and sizes at once 

HAMMACHER, SCHLEMMER & CO. 

HARDWARE, TOOLS AND SUPPLIES 

NEW YORK, SINCE 1848 Fourth Avenue and Thirteenth Street 


JUrd. 1. U18 


P. Pryibil Machine Company 

MANUFACTURERS OF 

FINE WOOD WORKING MACHINES 



Established 1862 


We Have Served 

Curtiss Engineering Corp. 

L. W. F. Engineering Co. 
Wright-Martin Aircraft Corp. 
Standard Aircraft Corp. 
Continental Aircraft Co. 

Why not you? 

Factory, 512-524 West 41st Street, New York City 



WATERPROOF VARNISH 

KHAKI PAINT 
GLOSS BLACK ENAMEL 

Used on wings, hulls and pontoons by the largest 
airplane manufacturers and boat builders be- 
cause they are most durable, elastic, waterproof 
and economical. On the U. S. Govt, approved list 

Brooklyn Varnish Mfg. Co. 




“THE TANDEM BIPLANE’ 


INHERENT LONGI- 
TUDINAL STABILITY 


Richardson Aeroplane Corporation, Inc. 

New Orleans, La. 



Variable 

Speed 

Aeroplane 


Executive Offices 608-609-610 Singer 
Building. 149 Broadway. New York City 
Telephones 6710-6711 Cortlandt. 


Lanzius Aircraft Company 
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ROME 

AERONAUTICAL 

RADIATORS 

Developed from years of experience in 
building all types of radiators. 

They possess every feature and qualifi- 
cation necessary for a high grade 
product. 

STRONG 

EFFICIENT 

DURABLE 

Used on the best American flying machines. 
Our engineering department is at your 

Rome -Turney Radiator Company 
Rome, N. Y., U. S. A. 


“Flexo” Aero 
RADIATORS 

The only The only 

core core that 

will stand ran be so 

shocks. injury to 

the metal 

No sharp or soldered 

corners joints. 

through ^ §8*’ 

"FIBXO"* — PATENTED 

FLEXO MANUFACTURING CO. 

ISIt-UtO K. 1211. STREET t.OS ANGELES. CAL 



FUEL LEVEL 
GAGES 

This cut shows our r 

Model 51 Gage 
wfr which is standard on 

•EjB practically all type 
of military training 
machines. 

Other types of gages 
in large quantities 
are “ doing their 
bit ” as part of the 
UU equipment of Eng- ^ m 

H 1 i s h Government BH 

Warplanes. 

FOB VOIR E8PBCIAL NEEDS. 

BOSTON AUTO GAGE CO. 

8 WALTHAM STREET, BOSTON, MASS. 


AJAX 

H'Sk Auto and Aero 

!■ Sheet Metal Co. 

Msnufacturers 
and designers 

'jHtt of 

^ AERO 

RADIATORS 

INTAKE 

. EXHAUST PIPES 

H. W. MEYER 

745 


VIATION 
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IT’S MEETING THE AEROPLANE 
PROPELLER PROBLEM 




A NEW MACHINE 

For Shaping 

Propeller Blades 

A PRACTICAL machine — per- 
fected thru the co-operation 
of practical propeller makers. 


C. Mattison Machine Works 






Dashboard 

Altimeters 


Recording 

Barographs 


Pocket and Watch 
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Aluminum Company of America 

PITTSBURGH, PA. 

MANUFACTURERS OF 

Aluminum Ingot, Sheet, Tubing, Wire, 
Rod. Rivets, Moulding Extruded 
Shapes, Electrical Conductors 
GENERAL SALES OFFICE, 

2400 Oliver Building, Pittsburgh, Pa. 
BRANCH OFFICES: 

Chicago . i SOO WestminsM^BuUding 

Cleveland 950 Leader-News Building 

Detroit 1512 Ford Building 

Kansas City 308 R. A. Long Building 

New York 120 Broadway 

Philadelphia . .1216-1218 Widener Building 

Rochester . 1112 Granite Building 

San Francisco 731 Rialto Building 

Washington . . 509 Metropolitan Bank Bldg. 
CANADA 

Northern Aluminum Co.. Ltd Toronto 

LATIN AMERICA 

Aluminum Co. of So. Am. ..Pittsburgh. Pa. 
ENGLAND 

Northern Aluminium Co.. Ltd London 

Send inquiries regarding aluminum in any form to 
nearest Branch Office, or to General Sales Office 


AERO 

MOTOR RADIATOR 

External Joints Only 
Quick, Easy Repairs 



MOTOR RADIATOR CO. 

1239 NORTH 12th STREET 
PHILADELPHIA. PA. 



■HOTOOEWHIC 


THE BROCK 
AUTOMATIC CAMERAS 

are the only cameras that make good negativ: 
with shutter speeds of r/iooth of a second i 
less at speeds of over IOO miles per hour. 

ARTHUR BROCK, JR. 

OFFICE— Sll Bullitt Building, 131 South Fourth Stre 
FACTORY— 533 North Eleventh Street 

PHILADELPHIA, PA. 


Fahrig Anti-Friction Metal 

The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 



Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 

When you see a speed or distance record 
broken by Aeroplane. Racing Automobile. 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 

FAHRIG METAL CO., 34 Commerce St.,N.Y. 
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Elastic Aviation Cord 

For Shock Absorbers on Airplanes 

WIRE. WHEELS 

FOR COMBAT AND AI.L OTHER TYPES 
OF 


AIRPLANES 

Xiul I \ 

CONTRACTORS TO 
LEADING AIRPLANE COMPANIES 

J. W. WOOD ELASTIC WEB CO. 

FACTORY: STOUGHTON. LASS. 

B - ST OFFICES Toms 

Our Engineering Department 
will gladly cooperate with you 
in your experimental work 

SPRANGER WIRE WHEEL 
CORPORATION 

DETROIT, U. S. A. 

NEW YORK REPRESENTATIVE 
THOS. C. CHEASLEY 

137 West 47th Street Phone Bryant 8S70 


IN ACTUAL DAILY 

PERFORMANCE 

In every branch of military service — Engineer- 
ing Corps, Aviation Section, Quartemiaster 
Corps, and general Patrol, Scout, and Dispatch 
duty — you will find the 

$ndum Motocycle 

ERIE SPECIALTY COMPANY 

MANUFACTURERS 

OF 

Aircraft Metal Parts 

With Pouierplus Motor 

Greatest strength, endurance, speed, power, accessibility, 1 

We will be pleased to arrange demonstrations of all Indian 1 
models for interested military officials. 

IUuitraled Indian catalog and other de- 

in conformity with the standards 
adopted by the International 
Standardization Committee. 

HENDEE MANUFACTURING COMPANY 

(Lnrmrt UeUreyeta Uaemfatmrrrt in the World) 

7*7 STATE STREET SPRINGFIELD. MASSACHUSETTS 

ERIE STANDARD 

(fpS^ 

Guarantees Perfect Workmanship 

ERIE SPECIALTY COMPANY 

Offiees: 25 PINE STREET, New York 



ULMER’S 

Waterproof Cement 

Is Used Successfully 
As a Cement and 
Dope for Airplanes 

IT DOES THE WORK 

Only One Quality 

“JUST THE BEST” 

The Ulmer Leather Go. 

P. O. DRAWER 42 

NORWICH .... CON N 



Factors of Safety 

TBese Count in Aeroplane Construction 


NON-INFLAMMABLE 

Cellnlose Acetate Base 

CeiestroD moth Varnishes 

provide another SAFETY FACTOR 

NON-INFLAMMABLE 

CeiesliOD Sheets ^ Films 

Transparent — Waterproof 

MANUFACTURED BY 

Chemical Products Company 

93 Broad Street Boston, U. S. A. 

Manufacture* a] CaUotaaa A rot a t e far naarts 15 earn 


TURNBUCKLES 


Highest Quality 

to Meet the Most 
Exact Requirements 

Standard Screw Co. of Penna. 

CORRY. PA. 


New York Office: Wool worth Building 
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Aeroplane 
Lumber 
Specialists 

Alaska Spruce 
Black W a 1 n u t 
Tough White Ash 

CENTRAL TIMBER EXPORT Co., Inc. 
CHETHAM LUMBER CO. 

15 William Street New York 

NOW READY 

Bound Volume 3 

of 

Aviation and Aeronautical Engineering 

Price $5 

THE GARDNER -MOFFAT COMPANY Inc. 

120 WEST 3 2d STREET NEW YORK 





EDWIN BSTIMPSON COMPANY 

SHEET METAL 

BROOKLYN, NEW-YORK 

SHEETS ROLLS WIRE 

BRASS COPPER, 

BARS TUBES RODS 


DROP FORGINGS 


THE WHITMAN & BARNES MANUFACTURING CO. 

ESTABLISHED 64 YEARS 

1000 WEST 120th STREET, CHICAGO, ILL. 



FOXBORO 

QUALITY INSTRUMENTS FOR AIRPLANES 

Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 

Gasoline Level Indicator for circulating oil and water 

Oil. PRESSURE GAUGE AIR PRE88URB GAUGE 

The Foxboro line also includes . many ^different types of indicating and recording 

THE. FOXBORO CO.. Inc.. FOXBOR.O. MASS., U.S. A. 

New York Chicago^ Pittsburgh Philadelphia ^ St. Louis 



ORDNANCE ENGINEERING CORPORATION 

NEW YORK OFFICE LONDON OFFICE 

Government Contractors : : Consulting Engineers 

Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 
Designers and Builders of Military and Naval 

AIRCRAFT 
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LEYGR AND & CO. 

120 Broadway, New York 
MILL AGENTS 

Aluminum Sheets 

Screw Stock, Rod and Wire 


PROPELLERS 


WA DOYLE 
TRENTON NJ 


METAL 
HOSE 



VENEERED PANELS 


AIRPLANE and HYDROPLANE 
CONSTRUCTION 

Send for Samples Chemically Treated Which Increases 

WATERPROOFNESS 
NEW JERSEY VENEER C0. f Paterson, N. J. 


AIRPLANE LUMBER 

OUR SPECIALTY 

Kiln Dried Bass Dimension Stock 

SHEIP & VANDEGRIFT, Inc. 

814-832 N. Lawrence Street, PHILADELPHIA, PA- 


AEROPLANE 
RIMS and WHEELS 

Made by the oldest and best known 
steel rim and wire wheel makers in 
America. 

Quotations gladly furnished. 


SEM 


THE POWER 
OF THE HOUR? 

DUESENBERG MOTORS CORPORATION 



Rubber Aero Cord 

FOR SHOCK ABSORBERS 

Prompt Delivery 

THE RUSSELL MANUFACTURING CO. 
349 Broadway, New York City 


MIDDLETOWN 


CONNECTICUT 


HULLS FOR FLYING BOATS 


. 'Aalmer-Simpson Corporation 
Saranac Lake, N. Y 


AIRCRAFT WIRE 
AIRCRAFT STRAND 
AIRCRAFT CORD 
THIMBLES AND 
FERRULES 
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The Twin-Motored Hanley- 
Page Bombing-Biplane 


Valspar stands the test 
of War Service 

The conditions of war-flying work havoc with aircraft. 

Plights must be made in all weathers. The wear, tear, and strain 
are tremendous. Nothing but the very finest materials can 
withstand the constant exposure to heat and cold, rain and wind. 
That is why Valspar is used by the leading builders of airplanes 

The marvelous powers of endurance shown by Valspar; its abso- 
lutely water-proof quality; its resistance to weather, cold, heat, 
oils, and gasoline, have been tested to the limit. 

Valspar has successfully fulfilled the most severe requirements 
of the most arduous war-service. It stands supreme as the most 
reliable airplane varnish for wood, metal, or fabric. 

We have made a close study of airplane and seaplane require- 
ments, and our Airplane Service Department is ready to give 
the benefit of its experience to any manufacturer. A valuable 
handbook on this subject will be sent to Purchasing Agents 01 
Superintendents of Production, on receipt of name. 


ie Products used by the world 
Varnish, Valspar Olive-Drat 
Filler (Wood), Valspar Prime 
Khaki Enamel, Valspar AIu 


; Primer (Wood)] 
SgUm Colors!" 8 


VALENTINE & COMPANY, 
456 Fourth Avenue, New York 
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DOEHLER 

BABBITT- LINED BRONZE 

BEARINGS 

have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries. 

Doehleb die- Casting Co. 

—r™. BROOKLYN. N.Y. 

TOLEDO. OHIO, NEWARK. N.J. 

AUu Dim-CoM Bottiu DioCoMnm m 

Brum A Stna Aluminum unA 1 T»iu UuUl AOny. 


Aeroplane Cylinder Forgings 

Also Propeller Hobs, Flanges and Shafts, etc 

Miscellaneous steam hammer and hy- 
draulic press die forgings of all types. 

Quick aarvica our tpocudty 

TIOGA STEEL & IRON COMPANY 

Sind A Grays Arana. Philadelphia, Pa, U. 3 . A. 



FLYING SCHOOL AND AEROPLANE 
EQUIPMENT FOR SALE 

‘ 1 1 H E following property of The Benoist 
1 Aeroplane Company is hereby offered for 
sale : — T wo 4 passenger flying boats ; one 2 
passenger flying boat : 1 military tractor ; 1 baby 
tractor in process ; one 2 passenger flying boat 
in process ; 1 Hall-Scott motor ; 1 Roberts motor ; 
blue prints, drawings, patterns, patent rights, and 
an assortment of aeroplane parts and accessories. 
Address communications to Perry J. Long, Can- 
ton, Ohio. 


Stamping, Welding, Machining 

Flexible metallic tubing 

Airplane work a specially 

The A. Dewes Company 

199 Lafayette Street New York City 
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Bigger Balls — and more of them — 
give Gurney Bearings greater capacity 


A number of years ago a German Professor named Stribeck pub- 
lished the formula which is commonly used for figuring the permissible 
loads on a ball bearing. 




st capacity in the smallest size. 


other annular bearings, 
it is found that the load capacity 
from 44% to 75% greater than oth* 

ested parties have proved that thest 
the actual performance of i 
this additional load capac 
more than the total cost c 


balls or larger balls, t 
ipared with other ann 
or the Gurney bearinj 
r bearings of the same 


! are supported by 
aeroplane designs 
lit that are worth 


Our Engineers will be glad to cooperate with your designers in mak- 
ing such savings on your product. 


GURNEY BALL BEARING CO. 


JAMESTOWN.N.Y. 






DAYTON-WRIGHT AIRPLANE CO. 


Dayton, Ohio. 





